specifically, the Basque country) during 1999-2007, for men and women aged 30-59 years at baseline. We used Poisson regression to estimate both the additive (relative excess risk due to interaction) and multiplicative interactions between marriage and labour force activity on mortality. Results: Labour force inactivity was associated with higher mortality, but this association was stronger for unmarried, rather than married, individuals. Likewise, being unmarried was associated with higher mortality, but this association was stronger for inactive than for active individuals. To illustrate, among US women out of the labour force, being unmarried was associated with a 3.98 times (95%CI 3.28-4.82) higher risk of dying than being married; whereas the relative risk (RR) was 2.49 (95%CI 2.10-2.94), for women who were active in the labour market. Although this interaction between marriage and labour force activity was only significant for women on a multiplicative scale, there was a significant additive interaction for both men and women. The pattern was similar across all countries. Conclusions: Marriage attenuated the increased mortality risk associated with labour force inactivity; while labour force activity attenuated the mortality risk associated with being unmarried. Our study emphasizes the importance of public health and social policies that improve the health and well-being of unmarried and inactive men and women.
Introduction
Married persons and individuals active in the labour force enjoy better health and lower mortality than unmarried and inactive individuals [1] [2] [3] [4] [5] [6] . Marriage offers a direct form of social and financial support [1, 2, 4] and it can reduce the risk of unhealthy behaviours, such as poor diet or alcohol use [1, 2, 7] . Labour force activity could provide financial independence and the possibility to accumulate earnings and wealth [8] . It may also provide a source of social support, social recognition and self-esteem; and it could positively influence some health behaviours [4, 5, 9] . The fact that labour force activity and marriage share Marital status, labour force activity and mortality: A study in the USA and six European countries some of the pathways through which they potentially influence health raises the possibility that they interact in the way that they influence health and mortality. For example, the lack of a partner's social support for a divorced man or woman may be partly compensated by the availability of social support derived from colleagues and friends at work. Similarly, the lack of financial security provided by one's own earnings from work could be compensated by the presence of a partner who is active in the labour market.
A substantial body of research has looked into whether combining employment, marriage and/or parenthood is associated with health [10] [11] [12] . Some of the theories on combining multiple roles may be useful to understand these relationships. The role accumulation hypothesis postulates that having multiple roles provides benefits for women, as employment provides financial independence and social support [10, 11] . On the other hand, the multiple role hypothesis suggests that combining employment, marriage and parenthood may be harmful to women's health, due to increased stress from competing demands [10, 11, 13] . Fulfilling the obligations of each role may lead to role overload and conflict, which may result in increased risk of disease and mortality [14] .
There are important gender differences in the distribution of multiple roles, as well as role expectations, between men and women, which may lead to different associations with health and mortality [15, 16] . For example, role expectations imply that in many countries, men are more often expected to be active in the labour market than women. As a result, being out of the labour force may lead to more stress and health deterioration for males than for females. Also, there may be gender differences in the selection processes leading to marriage and employment: Men out of the labour force may be a more selective group, in terms of poor health and disability; while women may be out of the labour market more often out of choice, particularly women who are married.
The interaction between marriage and labour force activity may differ across countries with different social protection policies. For example, in the USA, unemployment insurance income benefits are substantially less generous than in the Scandinavian countries [17] . This is also reflected in the net replacement rates, which express the average of the net unemployment benefits; the net replacement rates are lowest in the USA and highest in Norway [18] . As a result, US workers might face more financial strain during unemployment than workers in Norway, particularly if they lack the financial support of a partner. Similarly, income support programmes might help by buffering against the negative effects of being a lone parent, particularly for men and women who are also out of the labour force.
In this study, we examined whether labour force activity and marriage interact in their association with mortality, across the USA and six European countries. For each country, we examined whether labour force activity modified the association between marriage and mortality, and whether marital status modified the association between labour force activity and mortality. We hypothesised that marriage attenuates the mortality risk associated with labour force inactivity, while labour force activity attenuates the mortality risk associated with being unmarried. Additionally, we hypothesised that this buffering effect is stronger in countries where there are limited social protection programs for individuals out of the labour force, such as the USA and Hungary.
As pointed out by Knol and VanderWeele in 2012 [19] , interaction can occur on both an additive scale and a multiplicative scale, and it is not clear theoretically whether one should be more important than the other. Often, the additive scale is of more interest from a public health perspective, i.e. whether more cases occur when two exposures occur together, even if there is no multiplicative interaction; however, multiplicative interactions may be relevant, if relationships between the variables studied are believed to relate to each other in a multiplicative way, i.e. exposure of variable 'A' might double or triple the risk, if exposure 'B' is present. In epidemiology, it is now recommended that both additive and multiplicative interactions are presented. In this study, we therefore examine both multiplicative and additive interactions between marriage and labour force activity.
Methods

Data sources
Census data from 1999-2001 were linked to national mortality registries, with a follow-up until 2002-2007, for six European countries or regions: Austria, England and Wales (in UK), Finland, Hungary, Norway and the Basque country (in Spain) [20] . The data comprised entire populations, except for England and Wales (a 1% representative sample of the population) and Finland (a random sample of 80% of the population). Our analyses were restricted to individuals aged 30-59 years at baseline, to minimise inclusion of individuals who were out of the labour force due to retirement. The analysis covered 196,276 deaths among more than 10 million European individuals.
For the US analysis, five waves covering the years 1999 to 2003 of the National Health Interview Survey (NHIS), a multipurpose health survey among the US civilian, non-institutionalised population [21] , were combined with a 5-year mortality follow-up from the National Death Index. The analysis included 14,069 deaths among 431,659 Americans aged 30-59 years at baseline. Large racial differences in mortality have been documented for the USA [22] , as well as differences in the joint distribution of marital status and employment. To avoid that our US results would be driven by racial disparities, we also show analyses separately, for US 'blacks' or African Americans, and for US 'whites'. Unfortunately, data on mortality by race were not available for the European countries; however, we expected that racial disparities would be most dramatic in the US context. Detailed information on the US and European data can be found in the supplemental materials (See supplementary eTable S1).
Variables
We classified individuals into two broad groups based on their legal marital status:
1. Married, including married but separated individuals (as they cannot be distinguished from married persons in the European data); and 2. Unmarried, which is comprised of widowed, divorced and never married individuals (taken together to account for small sample sizes of the categories widowed and divorced individuals).
Individuals were considered to be active in the labour market if they were currently employed or currently experiencing an unemployment spell, while they were considered to be inactive if they were out of the labour market. The inactive category included individuals who were homemakers, sick or disabled, retired and in education (students); however, our analyses were restricted to ages 30-59 years; and therefore, we expected the fraction of individuals in this category as a result of long-term sickness, being educated, or retirement to be relatively small. We controlled for education in all models, as educational attainment is associated with mortality, as well as marital status and labour force activity status. The subjects' educational levels were grouped into three categories:
• Lower secondary or less education (⩽ 11 years of schooling, International Standard Classification of Education [23] (ISCED) levels 0-2); • Upper secondary education (12-15 years of schooling, ISCED levels 3-4); and
• Tertiary or more education (16 ⩽ years of schooling, ISCED levels 5-6).
Analysis
Mortality rates were derived from Poisson regression models, stratified by gender and directly standardised to the US 2005 intercensal population. The separated, combined and stratified associations of marital status and labour force activity with mortality were estimated and presented as rate ratios (RRs) with 95% confidence intervals (CIs). Following the recommendations by Knol and VanderWeele [19] , we presented measures of interaction (and CIs) on the additive and multiplicative scale. Both measures were calculated using the combined RRs of marital status and labour force activity, taking married and active persons as the reference category. The relative excess risk due to interaction (RERI), which is an interaction measure on the additive scale, represents the proportion of disease among those with both exposures that is attributable to their interaction [19, 24] , is shown in Equation 1:
An additive interaction is found when the RERI significantly differs from 0, and can be positive (RERI > 0, when unmarried individuals who are inactive in the labour market are worse off than would be expected, based on the independent relative effects; RR unmarried,inactive > RR married,inactive + RR unmarried,active -1) or negative (RERI < 0, when unmarried individuals who are inactive in the labour market are better off than would be expected; RR unmarried,inactive < RR married,inactive + RR unmarried,active -1).
A multiplicative interaction (MI) is estimated as follows, in Equation 2:
A multiplicative interaction is present when the MI is significantly different from 1, and can be positive (MI > 1, when unmarried individuals who are inactive in the labour market are worse off than would be expected; RR unmarried,inactive > (RR married,inactive x RR unmarried,active )) or negative (MI < 1, when unmarried individuals who are inactive in the labour market are better off than would be expected; RR unmarried,inactive < (RR married,inactive x RR unmarried,active )). Data were analysed using Stata version 12 (StataCorp, College Station, TX, USA).
results
Marital status and labour force activity
The population distribution by marital status and labour force activity differed considerably between countries (Table I for men and Table II for women). The proportion of unmarried persons ranged from 29% (Hungary) to 54% (US blacks/African Americans) for men; and from 27% (Basque country, Spain) to 67% (US blacks/African Americans) for women. The proportion of men inactive in the labour force was larger in the USA (whites 24% and blacks/African Americans 26%) than in Europe, where it ranged from 9% (Austria and the Basque country, Spain) to 14% (Norway), except for Hungary (24%). The percentage of women inactive in the labour force ranged between 14% (Finland) and 41% (Basque country, Spain).
Marital status, labour force activity and mortality
Mortality rates were generally higher for Americans than for Europeans; US mortality rates were exceeded only by those for Hungary and Finland (only for men). For men and women in all countries, mortality was higher among unmarried persons and persons inactive in the labour force (Table I and Table II ). The RRs of mortality, when comparing unmarried and married individuals, ranged from 1.76 (US blacks/African Americans, 95% CI 1.41-2.21) to 2.66 for men (Finland, 95% CI 2.60-2.73); and from 1.39 (US blacks/African Americans, 95% CI 1.05-1.85) to 1.94 for women (Austria, 95% CI 1.81-2.08). Overlapping CIs suggested that the association between marital status and mortality did not differ across countries. We found the only significantly higher RR to be in Finnish men.
The RRs of mortality, when comparing inactive versus active labour force status, ranged from 2.53 (Hungary, 95% CI 2.23-2.30) to 5.05 for men (US blacks/African Americans, 95% CI 4.05-6.31); and from 1.62 (Basque country in Spain, 95% CI 1.50-1.74) to 3.58 for women (US blacks/African Americans, 95% CI 2.90-4.77). Again the CIs overlapped in all countries, which suggested that there were no cross-national differences in the association between labour force activity and mortality. Table III shows that in all countries, mortality was lowest for married men and women active in the labour force, and highest for unmarried men and women who were inactive in the labour force. In most countries, mortality was higher for married individuals who were inactive in the labour force than for unmarried individuals who were active in the labour force; however, the CIs for most groups in the different countries overlapped, suggesting that the associations of marital status, labour force activity and mortality were not significantly different across countries. Information on the differences in the joint distribution of marital status and labour force activity between the countries is provided in the supplemental materials (eTable S2).
Marital status and labour force activity combined, and mortality
The buffering of marital status and labour force activity
Labour force inactivity was associated with higher mortality for both married and unmarried men and women (Table IV) . Labour force inactivity was more strongly associated with mortality among married men in Austria, Finland, Hungary, Spain (Basque country) and US black/African American men; and among unmarried men in England and Wales, Norway and US white men; however, many RRs had overlapping CIs, which indicated that they were not significantly different for married and unmarried men. Labour force inactivity was more strongly associated with mortality for unmarried women, than for married women. Non-overlapping CIs were found in US whites (only), and in Austria, Finland, Norway and Spain (Basque country). The magnitude of the RRs was similar for men and women.
Being unmarried was more strongly associated with mortality for men active in the labour force than for inactive men (Table IV) . Most, but not all, RRs had overlapping CIs. For example, among Hungarian men who were active in the labour force, being unmarried was associated with a 2.67 (95% CI 2.61-2.73) times higher risk of dying than being married, whereas the same risk was 1.64 (95% CI 1.61-1.68) times for men who were not active in the labour force. Being unmarried was associated with a significantly higher risk of mortality for women in all countries, except for US black/African American women. This association was stronger for women who were inactive in the labour force than for women active in the labour force, and these were significantly different from each other in the USA, Austria, Finland, Norway and the Basque country in Spain.
Results in Figure 1 summarise the findings of our models assessing the additive and multiplicative interactions between marital status and labour force activity on mortality. The RERI was, in most cases, statistically significant for men, except for Hungarian and US black/African American men (Figure 1 ). The Authors' analysis based on data from the National Health Interview Survey and Euro-GBD. significant RERIs ranged from 1.29 (Basque country in Spain, 95% CI 0.69-1.88) to 2.87 (Norway, 95% CI 2.39-3.35). The RERI was significant and positive for women in all countries: It was smallest in Hungary (RERI = 1.38, 95% CI 1.00-1.76) and largest for US whites (RERI = 3.49, 95% CI 2.08-4.90). These positive RERIs indicated that unmarried men and women who were inactive in the labour force were worse off than would be expected, based on the independent relative effects of being unmarried or inactive alone. In other words, being inactive in the labour market was associated with higher mortality compared to being active, but this association was stronger for the unmarried than for those who were married. Likewise, being unmarried was associated with higher mortality, but this association was stronger for those who were inactive in the labour market. Figure 1 . Measures of additive and multiplicative interaction for men and women aged 30-59 years in seven countries. MI: multiplicative interaction; RERI: relative excess risk due to interaction RERIs and MIs are obtained from Poisson regression adjusted for age and education. Confidence intervals of both RERI and MI for the European countries are calculated by a bootstrap with 10,000 repetitions. RERI=RR unmarried,inactive -RR married,inactive -RR unmarried,active +1; MI=RR unmarried,inactive /(RR married,inactive xRR unmarried,active ). All rate ratios are calculated with the group married and active in the labour force as reference.
For men, the multiplicative interaction (MI) was significant for Finland, Hungary, Norway and Spain (Basque country): MI was < 1 for Finland (MI = 0.79, 95% CI 0.71-0.87), Hungary (MI = 0.59, 95% CI 0.49-0.69) and the Basque country in Spain (MI = 0.86, 95% CI 0.73-0.99); but > 1 for Norway (MI = 1.37, 95% CI 1.20-1.55). Unmarried Finnish, Hungarian and Spanish (Basque country) men who were inactive in the labour market were actually better off than would be expected, based on the independent relative effects of labour force inactivity and being unmarried; while unmarried Norwegian men who were inactive in the labour force were worse off than would be expected.
The MI was found to be non-significant for black/ African American women; and women in Hungary, and England and Wales. For women, the estimated MIs for the other countries were positive, and ranged from 1.19 (Finland, 95% CI 1.05-1.34) to 1.58 (Basque country in Spain, 95% CI 1.22-1.93). These positive MIs indicated that unmarried women who were inactive in the labour force were worse off than would be expected, based on the independent relative effects of being unmarried or inactive alone. In other words, being inactive in the labour market was associated with higher mortality compared to being active, but this association was stronger for unmarried people than for those who were married. Likewise, being unmarried was associated with higher mortality, but this association was stronger for those who were inactive in the labour market.
Discussion
Summary of findings
Labour force inactivity was associated with higher mortality, but this association was stronger for unmarried than for married individuals. Likewise, being unmarried was associated with higher mortality, but this association was stronger for inactive, than for active, individuals. Among women, we found significant interactions on the additive and multiplicative scale between marriage and labour force activity on mortality. For men, there was also evidence of an interaction on the additive scale, but not on the multiplicative scale. Similar results were observed across the USA and most European countries.
Interpretation
Our results supported the hypothesis that marriage attenuates the mortality risk associated with labour force inactivity, while labour force activity attenuates the mortality risk associated with being unmarried.
We also found that the independent effects of labour force activity and marriage were stronger for men than for women; yet the interaction was found to be stronger for women, suggesting that the mortality risk associated with the combined exposure is larger for women than for men.
The effect of combining work and marriage (or the lack of both) might be different for men and women, due to the traditional division of roles in the household. Men are typically less involved in household work [25] . For working men, marriage may be a source of both emotional and instrumental support. Compared to men who are both married and employed, unmarried and inactive men may be at a particular health disadvantage, as they lack these sources of support from both work and marriage. By contrast, although women may also benefit from combining work and marriage, the combination of both roles may also bring additional stress; due to the larger share of household responsibilities taken up by women, as compared to men. As a result, while unmarried and inactive women may be worse off than their married and active counterparts, this difference may be larger for women, than for men. For example, women are more likely to cook and carry out household work, which may benefit men's health. Women, in contrast, may derive less health benefits from marriage, given that men are less likely to be involved in household tasks [25] . Finally, gender differences in the selection mechanisms leading to marriage and employment may also partly explain the different results for men and women. Gender role expectations imply that men are more often expected to be active in the labour market, suggesting that the group of inactive men may be a more selective group of unhealthy men, as compared to their female counterparts, for whom work inactivity might more often be a choice. Health selection effects would thus result in a stronger association between labour market inactivity and mortality for men, than women.
The bidirectional causal mechanisms generating the associations between marital status, labour force activity and mortality do need to be taken into account: Poor health is likely to decrease the probability of marriage and labour force activity [1, 3, 5, 26] , while at the same time, marriage and labour force activity may confer several benefits to health. A stronger health-related selection among men than women into either marriage or the labour force, could explain the higher risks of mortality for men.
Our results also indicated that these interactions do not play out differently across countries with different levels of generosity in social protection. While social safety nets are generally less generous in the USA and Hungary, as compared to countries such as Norway, Austria and Finland, the interactions of marriage and labour force activity on mortality were very similar across these countries. This suggests that the mechanisms generating an interaction between marriage and labour force inactivity may not be the direct product of social policy, but do largely reflect generic effects of both marriage and labour force activity that are operating at the individual level, regardless of the social policy context.
Methodological considerations
A major strength of this study was the inclusion of six European countries and the USA. This allowed us to improve our understanding of the underlying mechanisms, by exploiting the potential variation generated by different social protection policies; however, several methodological problems need to be taken into account, in drawing conclusions from this study. First, our definition of marital status was broad. Legal marital status does not distinguish, for example, unmarried individuals who are cohabiting; however, it is known that cohabitating individuals do have higher mortality than married individuals, but lower mortality than unmarried individuals living alone [27] . Therefore, we are likely to have underestimated the risk of dying for unmarried persons. To the extent that cohabitation is more prevalent in some of the Nordic European countries [28] , this may have influenced our cross-national comparisons.
Another limitation refers to the fact that the US NHIS does not include persons living in institutions, while the European samples cover their whole populations (some exceptions can be found in eTable S1); however, their survival rates, as observed in the NHIS mortality follow-up data, do closely resemble those of the general US population [29] . Because only a small proportion of the US population aged between 30 and 59 years is institutionalised (about 1%), the exclusion of persons living in institutions from the US sample was unlikely to alter the pattern observed for this country.
Third, we collapsed the employed and unemployed in the category 'active in the labour force'. This is the typical approach to define labour market activity; however, it may be argued that unemployed individuals should be classified as inactive in the labour market, especially if they are in long-term unemployment. We explored the impact of this decision on our results by running supplementary models with an alternative definition that combines the unemployed category with the category of persons who are out of the labour force. This was possible for Italy, Spain, Sweden and Switzerland. These analyses, summarised in e-Tables S3-S7, suggested that differences in the classification have very limited impact on the estimates, which resemble those from our primary models. Moreover, a comparison of the results from both definitions based on the US data also showed that our findings are robust against deviations from the original definition (e -Tables S3-S7) . Likewise, our definition of labour market inactivity was also broad: It combined homemakers with those still in the education system, the retired and those with a work disability; however, because we focused on ages 30 to 59, we expected most of the latter groups to be very small, with most of the inactive individuals corresponding to homemakers.
Cross-national differences in methods of data collection, baseline periods, follow-up periods and population covered might have affected our mortality estimates. In addition, other possibly interesting variables, such as prior health or type of employment contract, were not available in the data; and therefore, could not be included in our analysis. This implied that health-related selection cannot be discarded as one of the mechanisms explaining the associations we observed. Our study only included information on marital status and labour market activity at baseline. Individuals may have gotten married or divorced, and they may have lost their job or returned to the labour force after that baseline. We were not able to account for these changes, because labour force activity and marital status were only measured at a single point in time. In addition, we were not able to assess the impact of quality of work or relationship quality, which may be important moderations of the associations between marriage, work and mortality. Future studies with more detailed data on these variables should be carried out.
Implications and conclusions
The increased risk of dying for individuals who are unmarried and inactive in the labour force implied that adequate interventions and policies for this segment of the population may be needed. For example, in the USA, programmes such as the Earned Income Tax Credit aim to improve the social and economic well-being of lone mothers who are out of the labour market, by introducing financial incentives to work. These programmes have been shown to bring benefits to health [30] . Yet, the development of such actions requires a deeper understanding of the underlying mechanisms, for example based on studies including potentially mediating factors, and studies circumventing the problem of health selection. Nevertheless, our results support the hypothesis that marriage attenuates the mortality risk associated with labour force inactivity, while labour force activity attenuates the mortality risk associated with being married.
